ABSTRACT -The objective of this work was to estimate net energy (NE m ) and metabolizable energy (ME m ) requirements for maintenance and efficiency of use of metabolizable energy for maintanence (k m ) and gain (k g ) of grazing
Introduction
The validity of the unrestricted use of foreign systems of feeding beef cattle has not been demonstrated in Brazil, yet. Points of inadequate nutritional requirements of animals and/or the nutritional value of foods were reported by authors who compared the results predicted by these systems to those observed in the Brazilian productive conditions (Detmann et al., 2004; Gesualdi Jr. et al., 2005) .
The feeding systems for beef cattle are largely based on tables and empirical equations developed in the productives conditions (animal breed, feed used) of the country of origin or similar (CSIRO, 1990 , NRC, 2000 Fox et al., 2004) .
In Brazil, several studies have been conducted to assess the nutritional requirements of beef cattle. The amount of information has enabled the compilation and analysis of large numbers of results, leading to equations and/or values probably more reliable and representative of the national herd (Fontes, 1995; Henrique et al., 2005) . However, almost all the Brazilian studies on the energy requirements of cattle were conducted under confinement conditions, thus exist a great need for informations about grazed animals (Fontes et al., 2005a,b) .
Accordingly, the comparison among the energy requirements of different genetic groups in tropical pastures, particularly with the inclusion of Nellore breed, would be particularly relevant. The equivalence of performance between breeds with different yield potentials has been attributed to the effect of genotype × environment interaction, which also could have an impact on energy requirements for animals maintenance (Johnson et al. 1990; Jenkins & Ferrell, 1994) .
This study was conducted to evaluate the partition of energy for maintenance and gain of Nellore and crossbred steers under grazing.
Material and Methods
The research was conducted in Campos dos Goytacazes (Brazil, 21°42' S, 41°19' W, 13 m altitude) during the rainy season (December-April) and it lasted 104 days. It was used an experimental area of 6.5 ha, flat terrain, cultivated with Mombasa grass (Panicum maximum cv. Mombaça) and divided with electric fences into 13 paddocks of 0.5 ha each.
The pasture was managed under rotational stocking with periods of grazing and rest of 2 and 24 days, respectively. During the experimental period, four 26-day grazing cycles were completed. The daily herbage allowance was maintained at around 8 kg of green leaves dry matter (DM) per 100 kg body weight (BW), using similar put and take steers.
Biomass of green leaves was estimated the day before the start of grazing in paddocks representative of the experimental area, according to methodology described by Ribeiro et al. (2008) . Maintenance fertilization was 80 kg/ha of nitrogen, split into two equal applications of ammonium sulfate.
The experimental animals were 24 steers: 12 Nellore and 12 crossbred ½Limousin-Nellore, with an average shrunk body weight (SBW) of 386 ± 3.8 and 397 ± 9.7 kg, respectively. The steers were purchased from the same commercial breeder in the region, constituting a homogeneous portion within each genetic group. In the three weeks preceding the experimental period, animals were identified, subjected to the control of endo and ectoparasites and adapted to pastures and to the experimental management.
The partition of energy for maintenance and gain was measured by comparative slaughter method, described by Lofgreen & Garrett (1968) and adapted for grazing animals by Fontes et al. (2005a) . Within each genetic group, the animals were grouped randomly into three groups of four animals: reference, restricted feeding, and ad libitum feeding.
The reference group was slaughtered at the beginning of the experimental period. During the experimental period, the animals under restricted feeding had access to pasture for 3.5 hours daily (from 8:30 a.m. to 12:00 p.m.), and the rest of the day they were kept in covered individual pens (12 m 2 ) with drinker, 100 m away from the pasture. The objective of this management was to maintain the intake of restricted animals close to the requirement for maintenance (Fontes et al., 2005a) . Animals fed ad libitum were kept on pasture throughout the day.
Animals on restricted and ad libitum feeding, from both genetic groups, were kept together in the pasture, taken to same the paddocks daily. In the pasture, they had access to shade, water and commercial mineral mixture. The SBW was recorded at the beginning and after each grazing cycle, after 16 hours without food and water. At the end of the experimental period, all animals from both groups were slaughtered.
Slaughter was carried out in a commercial slaughterhouse, according to federal standards prescribed for the humane slaughter of cattle (Brazil, 2000) . After slaughter, all the body parts were weighed, collected, processed and representative samples of organs and tissues of the carcass (Section HH) and non-carcass were analyzed for determination of the body content of fat, protein, ash and water of each animal. A detailed description of this procedure can be found in Sant 'Ana et al. (2011) .
The energy content (Mcal) in the empty body of each animal was estimated from the body content of protein and fat and their caloric equivalents (ARC, 1980): 5.6405 kcal/g (protein) and 9.3929 kcal/g (fat).
For the animals slaughtered at the beginning of the experimental period (reference group), the mean ratio SBW/ EBW and body energy content (kcal/g EBW) were calculated within each breed group, which were used to predict the EBW and energy content and body of animals under restricted and ad libitum feeding at the beginning of the experimental period. The energy retained during the experimental period in the body of each animal was calculated as the difference between the final body energy and initial body energy, which was predicted from the reference group.
Forage intake was estimated in two trials during the experimental period by using the double indicator method (Smith & Reid, 1955) . LIPE ® (hidroxiphenilpropan modified and enriched) and lignin in H 2 SO 4 were used as external and internal indicator, respectively. In each experiment, a capsule containing 500 mg of LIPE ® was administrated orally for each animal for seven days, once daily at 12:00 p.m. In the last four days, it was also collected stool samples, from rectum of the animals, simultaneously with the supply of the indicator. The gelatin capsules containing the LIPE ® were wrapped in paper to prevent losses by regurgitation. Forage samples were collected (hand plucking technique) daily from the paddocks occupied by the animals during the estimation of intake.
The individual samples of stool and forage were dried at 55°C and ground to 1 mm. After that, 64 samples of feces (per animal, per paddock and trial) and eight samples of forage (for picket and trial) were made proportionally to the dry weight. The samples of stool and feed were analyzed for DM (105 o C), gross energy (calorimetric bomb) and lignin in H 2 SO 4 (Silva & Queiroz, 2002). Thus, it was possible to estimate the concentration of digestible energy (DE) of forage for each animal. Simultaneously, the forage samples were analyzed for in vitro DM digestibility (Silva & Queiroz, 2002) .
The samples of stool were also analyzed for LIPE ® content (Saliba et al., 2003) , to estimate the stool output. The concentration of metabolizable energy (ME) in forage was obtained by using the relationship: ME = 0.82 × DE (NRC, 2000) .
From the results obtained in the two trial of predictive intake, it was calculated the average of daily individual metabolizable energy intake (MEI). The difference between energy consumed and energy retained (RE) corresponded to heat production (HE) or HE = MEI -RE (NRC, 2000) . The average of daily individual values of MEI, RE and HE were expressed in kcal/kg 0.75 EBW/day.
In order to estimate the net energy for maintenance (NEm), it was adjusted the linear equation proposed by Lofgreen & Garrett (1968) : log 10 HE = α + γ × MEI (equation 1) where NE m = 10 α In order to estimate the ME for maintenance (ME m ) and the efficiency of utilization of ME for maintenance (k m ) and gain (k g ), the following equation was adjusted (Lofgreen & Garrett, 1968) : In addition, with the objective of verifying the equivalence of results, the energy efficiency and requirements for maintenance (NE m , ME m and k m ) were also estimated without logarithmic transformation, using directly the nonlinear equation proposed by NRC (1981) , applying the constraint ζ + θ × ME m = 0 (Henrique et al., 2005) :
By substituting the parameters by their estimates (ζ, θ)in equation 3, the ME m corresponded to the value of MEI when HE/MEI = 1.000 (ER = 0.000). The value of k m was equal to the quotient NE m /ME m .
The linear regression equations (equations 1 and 2) were adjusted by using PROC REG of SAS ® statistical package. The breed effect was tested by using the general model:
Y i = β 0 + β 1 X1 i + β 2 X2 i + β 3 X1 i X2 i + ε i , for observations i = 1,2, ..., n, where Y i = dependent variable (HE, RE); X1 i = quantitative variable (MEI); X2 i = qualitative variable "dummy", with values 0 for Nellore (Y i = β 0 + β 1 X1 i ) and 1 for crossbred (Y i = (β 0 + β 2 ) + (β 1 + β 3 ) X1 i ); X1 i X2 i = interaction effect; and ε i = random error (which was allowed as an additive even with the logarithmic transformation of equation 1).
If β 3 ≠ 0, the genetic groups differed on the regression coefficient; if β 2 ≠ 0, the genetic groups differed on the intercept; and if β 2 = 0 and β 3 = 0, there was no difference between the coefficients and intercepts, and only one equation was adjusted, considering the results of both genetic groups together. The null hypothesis for the parameter estimates (H0: β 0 = 0, β 1 = 0, β 2 = 0, β 3 = 0) were tested by the t test (5%).
The equation of nonlinear regression (equation 3) was adjusted using PROC NLIN of the SAS ® statistical package, using the method MARQUARDT.
Results and Discussion
The estimated parameters β 2 and β 3 obtained by fitting the linear model BW × MEI were not different from zero (Table 1) , and this indicates that the intercept and regression coefficient did not differ among the genetic groups. Setting an intercept common to the two genetic groups, resulted in a single value of NE m for Nellore and crossbred (Table 2 ).
For the model RE × MEI, the estimated parameter β 2 did not differ (P> 0.05) and β 3 was higher (P <0.05) than zero (Table 1) . Thus, for each genetic group, it was set a different equation, with the value of k g (regression coefficient) higher for Nellore compared to crossbreed ( Table 2) .
The adjustment of non-linear model BW × MEI, with the restrictions proposed by Henrique et al. (2005) , resulted in estimated values for NE m ME m slightly higher than those obtained by the linear model ( Table 1 ). The same trend was observed by Siqueira et al. (2007) .
The relationship between the maintenance requirements for Bos indicus and Bos taurus remains controversial. According to the energy feeding systems CSIRO (1990) and NRC (2000), Bos taurus cattle and their crosses have a higher net energy requirements for maintenance than Bos indicus. However, the CNCPS (Fox et al., 2004) does not recognize differences in the net energy requirement for maintenance between Nellore and Limousin breeds. The recommendation of CNCPS is based partly on research with Nellore cattle conducted in Brazil (Tedeschi et al., 2002) .
From the review of Brazilian studies with evaluation of Bos taurus and their crosses, Henrique et al. (2005) reported the value of 73 kcal/kg 0.75 EBW for the NE m requirement. This value is within the confidence interval of 95% (72 to 82) for the estimate 77 kcal/ kg 0.75 EBW observed for Bos taurus by Lofgreen & Garrett (1968) and adopted by the NRC (2000) . Bos taurus, Bos indicus and crossbred cattle also did not differ in NE m requirement in works conducted by Ferrell & Jenkins (1998 ), Freitas et al. (2006 and Siqueira et al. (2007) . Differences in energy requirements for maintenance, within and between breeds, have been partly attributed to the size of the internal organs (Garrett, 1980; Dicostanzo et al. 1990; Ferrell & Jenkins, 1998) . The organs have high metabolic activity and the liver and gastrointestinal tract account for an average of 45 to 50% of heat production in ruminant animals (Johnson et al., 1990) . This high energy expenditure would be associated with protein turnover (Garrett, 1980) . The size of these organs and the energy requirements for maintenance of the animal get higher in response to increased energy intake (Johnson et al., 1990) .
Thus, under non-limiting conditions, high productive potential animals have higher energy intake, organ size and energy requirements for maintenance higher in comparison to animals of lower potential. However, under nutrient limiting conditions, the energy requirement would not differ between animals of different yield potentials (Johnson et al. 1990; Ferrell & Jenkins, 1998; NRC, 2000) .
Generally, pastures can be considered limiting environments, particularly the tropical ones. Even pasture intensive production systems provide moderate individual performances compared to confinement with high energy density diets (Owens et al. 1995; Poppi & Mclennan, 1995) . In this study, the average weights of organs (ad libitum group) were 3.9 versus 4.0 kg (liver) and 15.4 versus 17.1 kg (gastrointestinal tract) to crossbred and Nellore, respectively. The low absolute values and the small difference in size of organs among the genetic groups suggest that the level of energy intake may not have been high enough to justify possible differences in maintenance requirements. 
Conclusions
The energy requirements for maintenance does not differ between Nellore and crossbred European-Nellore steers under grazing. For the same body weight, Nellore has a higher proportion of fat in the composition of gain compared to European-Nellore crossbred.
